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The burden of healthcare-associated infection (HAI) and in-
fections caused by healthcare-associated multidrug-resistant
organisms (HA-MDROs) is substantial. The Centers for Dis-
ease Control and Prevention (CDC) estimates the annual
number of HAIs in US hospitals at about 1.7 million, resulting
in approximately 99,000 deaths, which makes HAI the most
common infectious cause of death and one of the 10 leading
causes of death overall.1 Included in these troubling statistics
are at least 350,000 infections and 12,000 deaths caused by
methicillin-resistant Staphylococcus aureus (MRSA), vanco-
mycin-resistant enterococci, and Clostridium difficile. It is es-
timated that infections caused by these multidrug-resistant
pathogens result in at least $3.5 billion in excess healthcare
costs annually (CDC, unpublished data).

Three articles in this issue of the journal seek to shed
additional light on estimates of the mortality, excess length
of stay, and costs attributable to HAI.2-4 The first of these, a
study from France by Fabbro-Perray et al.2 measured the
attributable mortality of HAI using a large, prospective,
matched-cohort study design in a single hospital. The re-
searchers determined that the population-attributable risk of
HAI-attributable mortality throughout France lies between
2.1% and 4.0%, on the basis of a 3%-6% range in the in-
cidence of HAI in French hospitals. The second study, by
Shurland et al.,3 reports on a 9-year retrospective cohort study
of S. aureus infection complicated by bacteremia in a single
Veterans Health Administration system, found that patients
with MRSA infection, excepting those with pneumonia, had
higher mortality than did patients infected with methicillin-
susceptible S. aureus. Together these 2 reports emphasize that
HAI and HA-MDROs are associated with increased mortality
independent of the patient’s underlying illness. The third ar-
ticle, by Graves et al.,4 is a prospective cohort study performed
in 2 Australian hospitals that examined excess costs and
length of stay attributable to HAI.4 The authors conclude that
HAIs (urinary tract infections, lower respiratory-tract infec-
tions, and “other” infections) are associated with little excess
cost or length of stay. Specifically, they found only US$17 of

extra variable costs and 2.58 extra hospital days per case of
lower respiratory-tract infection, whereas urinary tract infec-
tion resulted in no excess costs or length of stay, and “other”
infection resulted in no excess costs and only 2.61 extra hos-
pital days. The findings of Graves et al.4 stand in marked
contrast to previous higher estimates based on either a
matched-cohort approach or the regression analysis methods
favored by Fabbro-Perray et al.2 and Shurland et al.3

These 3 studies complement a vast and growing literature
on the clinical and financial impact of HAI and HA-MDROs.
Investigators have studied diverse populations and used a
variety of epidemiological and statistical approaches to con-
trol for bias and confounding. Not surprisingly, the range of
attributable harm and cost varies dramatically. For example,
the cost per case of MRSA infection ranges from $7,000 to
$32,000 in published studies.5 In general, but not always, the
more aggressive the statistical approach to confounding, the
lower the attributable risk. Of course, no amount of statistical
manipulation can compensate fully for unmeasured factors,
although the use of instrumental variables is a promising
partial solution to this problem.6 At this point in the long
history of infection control, it is reasonable to ask why we
need more descriptive epidemiological studies of the attrib-
utable risk of HAI. Estimating the mortality, excess length of
stay, and costs attributable to HAIs would be an interesting
academic exercise were there not increasing evidence that
most, if not all, of these infections are preventable.

Although there are numerous examples of successful small-
scale interventions to eliminate adverse events, including
HAIs, in hospitals, the rate of overall improvement has been
slow. The public is frustrated, and consumer groups are pro-
moting legislation mandating public reporting of rates of in-
fection and other healthcare-associated adverse events. Im-
patient with the pace of quality improvement nationally, in
December 2004 the Institute for Healthcare Improvement
(IHI) launched the 100,000 Lives Campaign, a national ini-
tiative to prevent 100,000 unnecessary inpatient deaths within
18 months. To help reach this goal, the Campaign proposed
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that hospitals implement 6 evidence-based interventions, 3
of which address the morbidity and mortality associated with
infectious diseases: bloodstream infection (BSI), ventilator-
associated pneumonia, and surgical site infection. These in-
terventions drew on evidence from epidemiological studies,
as reflected in the guidelines issued by the Healthcare Infec-
tion Control Practices Advisory Committee (HICPAC) of the
CDC and, in the case of ventilator-associated pneumonia, the
American Thoracic Society and the Infectious Diseases So-
ciety of America.7,8 All US hospitals were invited to join, to
acknowledge their involvement publicly, and to share their
mortality results. More than 3,100 hospitals participated: 65%
adopted the BSI intervention, 67% the ventilator-associated
pneumonia intervention, and 72% the surgical site infection
intervention. Notably, hospitals were urged to adopt the entire
package of recommended practices, or “bundle,” for each of
these 3 interventions, and to measure success as “all-or-noth-
ing.”9 For example, “credit” for the BSI bundle required com-
pliance with all components of the BSI bundle: compliance
with hand hygiene, use of maximal barrier precautions, use
of chlorhexidine skin antisepsis, optimal catheter site selection
(with subclavian vein the preferred site for non-tunneled
catheters), and daily review of the necessity for central lines,
with prompt removal of unnecessary lines. The IHI estimates
that participating hospitals prevented more than 122,000
needless deaths during the Campaign period (December
2004–June 2006). The 100,000 Lives Campaign did not at-
tempt to determine to what extent the specific Campaign
interventions—or the Campaign itself—contributed to the
reduction in mortality that was observed.

Although hospitals that participated in the 100,000 Lives
Campaign were not required to submit data regarding their
compliance with the evidence-based processes of care for
these 3 interventions, individual hospitals did report striking
success in reducing infection rates. Examples of hospitals that
significantly reduced rates of surgical site infection, ventilator-
associated pneumonia, and BSI include the following: no
cases of ventilator-associated pneumonia since April 2005 at
St. Mary’s Health Center (Jefferson City, MO); no cases of
catheter-related BSI for 15 and 17 months in 2 adult intensive
care units (ICUs) and during 2 years in the neonatal ICU of
DuBois Regional Medical Center, (DuBois, PA); 75% reduc-
tion in the number of catheter-related BSIs, with an infection-
free interval extending to 359 days, at Beth Israel Medical
Center (New York, NY); no cases of ventilator-associated
pneumonia in 20 months, and only 2 cases in nearly 3 years,
at Dominican Hospital–Catholic Healthcare West (Santa Cruz,
CA).10 Although no independent attempt was made to verify
these voluntary reports, or to assess the extent to which stan-
dard case criteria, such as those promulgated by the CDC,
were used, these results are impressive enough that they can-
not be easily dismissed.

Recently published results from the Keystone Project,
which involved 108 ICUs (103 reporting data), primarily in
Michigan, demonstrate that collaborative quality improve-

ment initiatives can reduce infection rates substantially. The
median number of cases of catheter-related BSI per 1,000
catheter-days decreased from 2.7 at baseline to 0 just 3
months after implementation of the intervention. Improve-
ment was sustained, with the mean number of cases per 1,000
catheter-days falling from 7.7 at baseline to 1.4 at follow-up
16-18 months later.11 In another collaborative project in
southwestern Pennsylvania involving 32 hospitals, the Pitts-
burgh Regional Health Initiative, in collaboration with the
CDC, decreased the rate of catheter-related BSI by 68% in
69 ICUs over 4 years by promoting interventions similar to
those in the 100,000 Lives Campaign’s BSI bundle.12 In a
prospective, single-institution study, catheter-related BSI was
virtually eliminated through implementation of a bundle of
evidence-based interventions.13 Studies such as these repre-
sent a breakthrough in rigorous evaluation of quality im-
provement interventions in infection control—an urgent
need, as cited in the recent evidence-based review commis-
sioned by the Agency for Healthcare Research and Quality.14

These findings strongly suggest that we have entered a new
era of quality improvement in infection control. “Getting to
zero” is no longer a wild fantasy, but a possible result of
strong will, application of evidence-based practices, and ro-
bust execution.

Encouraged by progress in reducing the incidence of in-
fections associated with invasive devices, many hospitals are
now turning attention to prevention and control of infection
due to HA-MDROs, especially MRSA. Indeed, an interven-
tion to reduce the incidence of MRSA infection is one of the
6 new interventions in the IHI’s 5 Million Lives Campaign.
Incorporating advice from an expert panel, and with active
collaboration and support from the CDC facilitated by an
on-site representative (one of us, B.L.Z.) sponsored by the
CDC and the IHI’s George W. Merck Fellowship Program,
as well as collaboration and support from the Society for
Healthcare Epidemiology of America (SHEA) and the As-
sociation for Professionals in Infection Control and Epide-
miology (APIC), the IHI developed an MRSA intervention
package with 5 components: compliance with hand hygiene,
decontamination of the environment and equipment, use of
active surveillance cultures to identify MRSA reservoirs and
track transmission, use of contact precautions for those in-
fected and colonized, and reliable adherence to the central
venous catheter and ventilator bundles.15

The emphasis on MRSA in the 5 Million Lives Campaign
is timely. Encouraged by data from some northern European
countries demonstrating sustained very low rates of MRSA
colonization and infection, hospitals in the United States,
France, the United Kingdom, and other countries where
MRSA is more entrenched are mounting aggressive programs
to control this pathogen. Although most studies to date have
not met the highest standards of epidemiological rigor (eg,
cluster-randomized trials or properly conducted interrupted
time-series analysis), some institutions have reported prom-
ising results. One of the earliest encouraging studies was re-
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ported from Geneva, in which Pittet et al.16 noted a sustained
reduction in MRSA transmission and HAIs temporally related
to a multifaceted hand-hygiene campaign that included bed-
side placement of alcohol-based hand rub and use of active
surveillance cultures.16 A recent study from the Brigham and
Women’s Hospital (Boston, MA) that used an interrupted
time-series design is particularly noteworthy. Huang et al.17

implemented, in stages, a series of interventions to reduce
MRSA transmission in 10 ICUs, including the use of full
barrier precautions for placement of central venous catheters,
a hand hygiene campaign with hospital-wide promotion of
alcohol-based hand rubs, and, finally, the use of active sur-
veillance cultures. The sequential promotion of these mea-
sures did not have a sustained impact until the use of active
surveillance cultures was added, although compliance with
the previous interventions may have been suboptimal. The
overall rate of MRSA BSI fell by 75% in ICUs. Notably, even
though the aggressive interventions were confined to the
ICUs, there was a 40% decrease in BSIs due to MRSA over
8 years in non-ICU areas of the hospitals.17

Other reports, although less robust epidemiologically, sug-
gest that dramatic improvement is possible. Following on the
regional success with BSI prevention in southwest Pennsyl-
vania, the VA Pittsburgh Health System and other hospitals
in the region, in collaboration with the CDC, launched an
initiative to address control of healthcare-associated MRSA
infection. The VA Pittsburgh Health System implemented a
bundle of interventions, including use of active surveillance
cultures, contact precautions, hand hygiene, and changes to
hospital “culture” (by means of briefings on patient care units,
leadership involvement, and support of problem solving by
front-line healthcare workers and other staff). In 2 patient
care units in which these intervention were implemented, the
MRSA infection rate decreased by more than 50%.18 At the
University of Pittsburgh Medical Center Presbyterian Hos-
pital, a similar intervention in the medical ICU was followed
by a 90% reduction in the rate of healthcare-associated MRSA
infection, compared to a 20% reduction in other ICUs that
did not participate in the intervention.19

Successful improvement efforts, such as those facilitated
by the IHI, emphasize the importance of leadership involve-
ment and organizational alignment. While respecting the im-
portance of involving infection control staff and frontline care
givers, the IHI engages the leaders who ultimately are ac-
countable for driving the quality improvement agenda and
providing the necessary resources: the hospital’s executives
and board of trustees. Using what has been learned from
high-achieving organizations, the IHI suggests the following
steps: establish the mission, vision, and strategy with quality
at its core; build the foundation for an effective leadership
system with clear aims and accountability at each and every
level; guarantee transparent measurement; ensure access to
both internal and external ideas; test promising approaches
and provide resources to implement those that work; and
attend relentlessly to execution by placing quality at the top

of the agenda and tying it to the financial bottom line.20 This
requires moving from exhorting frontline staff to work harder
at improvement to making quality and safety core institu-
tional priorities and aligning goals, execution, and measure-
ment at every level of the organization. In addition, it means
respecting the role that every stakeholder in the care process
(including the patient) has in driving improvement, treating
each adverse event as an opportunity to analyze what went
wrong and adapting procedures immediately, creating a safety
culture that minimizes blame and maximizes systems im-
provements, communication, and teamwork.

Until recently, HAIs have been seen as an unfortunate but
inevitable consequence of health care. This attitude, and the
behavior it engenders, are no longer supportable. Although
benchmarking may dominate some discussions of mandatory
public reporting, hospitals should strive for a culture in which
every infection is seen as an opportunity for improvement,
and the goal is dramatic improvement with a relentless march
towards “zero tolerance.” Infection control professionals have
the knowledge and expertise to play a critical role in this new
paradigm, but only if they see themselves as part of a mul-
tidisciplinary team. Some of the greatest successes in recent
years have been driven by intensivists and surgeons who were
fed up with the status quo and the culture of acceptance and
had the heart and nerve to raise the bar. They succeeded in
part because infection control professionals seized the mo-
ment. At long last, after a half century of pushing their agenda
through a labyrinth of indifference, the door is open and the
path is clear. In fact, striving for zero, rather than benchmarks,
should be our goal. The public and legislators are demanding
attention to healthcare quality and patient safety, with specific
attention to HAI, through state-mandated public reporting
and calls for choice based on transparency. The public is not
waiting for perfect measurement or strategies. Given the mul-
titude of success stories that illustrate what is possible, neither
should we.

In light of ongoing differences of opinion regarding how
best to prevent ever-increasing rates of HA-MDRO transmis-
sion, CDC/HICPAC has taken a results-oriented approach sim-
ilar to that of the IHI. Their recently released HA-MDRO
guideline does not come down squarely on one side of a heated
debate, but rather recommends adopting whatever evidence-
based interventions are necessary to reduce infections and save
lives. The guideline encourages hospitals to begin with the
prevention measures that everyone agrees upon, but be ready
to quickly incorporate the more controversial interventions
until sustained decreases in HA-MDRO transmission and in-
fection are achieved.21 Unlike previous HA-MDRO guidance,
the recommendations of CDC/HICPAC, like those of the IHI
and the SHEA/APIC guideline,22 now challenge US healthcare
facilities to improve outcomes dramatically through reliable
implementation of infection control practices. By focusing on
results and providing multiple prevention options that health-
care facilities can apply, the CDC guideline allows flexibility in
designing a prevention program while requiring facilities to use
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all measures necessary to protect patients against drug-resistant
organisms and the potentially lethal infections they cause. As
the successes achieved by the IHI and others demonstrate, the
time is right to relegate studies describing the burden of these
infections to history and make effective prevention the new
status quo.

Address reprint requests to Bonnie L. Zell, MD, MS, 20 University Road,
7th floor, Cambridge, MA 02138 (bzell@ihi.org).
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